findings in the uterus of patients with Asherman s syndromes have been described (10, 11) , we found no previous report of the MR imaging findings in Asherman s syndrome associated with uterine anomalies. The purpose of this study was to assess the role of MR imaging in the detection of Asherman s syndrome, especially when this is associated with a congenital uterine anomaly.
Materials and Methods
MR imaging was performed in eleven patients in whom Asherman s syndrome was diagnosed on the basis of clinical and HSG findings. Eight of 11 patients were referred for evaluation of associated uterine anomalies, two for comparison of MR imaging with HSG in the detection of uterine synechiae less than 10 mm in diameter, and one, with cervical synechia, for evaluation of the endometrium, which could not be evaluated on HSG. All patients had a history of spontaneous abortion 1 5 times, and four had a history of inducted abortion once or more. Nine patients had a history of hypomeno r r h e a .
HSG using a speculum, tenaculum and uterine elevator was performed under fluoroscopic control. A total of 10 to 15 ml of contrast medium (Telebrex 200, Taejun, Seoul, Korea) was injected into the uterine cavity slowly while monitoring uterine and tubal filling. Three anteroposterior images were obtained: a preliminary image prior to the introduction of contrast medium, and an early image after filling the uterine cavity but before tubal spillage, and a late image at the end of the examin a t i o n . MR imaging was performed on a 2.0-T imager (Spectro 20000, Gold Star, Seoul, Korea) within one week of HSG. T1-weighted images with a repetition time of 600 msec and an echo time of 30 msec (TR/TE = 600/30), and T2-weighted images with TR/TE = 2000/60 were obtained. Section thickness was 8 mm with a 2 mm gap, matrix size was 256 x 320, and field of view was 24-30 cm. T1 and T2-weighted images were obtained in the sagittal planes. Finally, T2-weighted images with a small field of view (24 cm), and 5mm section thickness with a 2 mm gap, were obtained in the semicoronal plane parallel to the long axis of the uterine c o r p u s .
Both HSG and MR images were retrospectively reviewed by two radiologists (J.S. Kim, H. Kim) without knowledge of the clinical findings. HSG images were interpreted first, and then MR images, and the results were recorded after both radiologists reached a consensus. HSG and MR images were compared with histopathologic findings in four patients who underwent laparotomy. In the remaining seven, who underwent dilatation and curettage (D & C) and insertion of an IUD, HSG was repeated after removal of the IUD, and the results were compared with previous HSG ima g e s .
During MR image analysis, the following parameters were recorded: 1. External fundal contour: convex, flat or concave; 2. Intercornual distance between the maximum lateral extents of the hyperintense endometrium; 3. Signal intensity characteristics of the uterus, endometrium and junctional zone; 4. Thickeness and uniformity of the endometrium and junctional zone; 5. Signal intensity of the septum, which was divided into myometrial and fibrous tissue. Classification of Asherman s syndrome based on 528
Fig. 1. Partial septate uterus with
A s h e r m a n s syndrome (case 5) A. HSG shows a partial duplicate uterine cavity with divergent angle of the endometrial cavity of 45 which is compatible with a partial septate uterus. A nodular filling defect in the right uterine horn (arrow) and a nodular luminal irregularity of the left uterine horn (arrowhead) are seen. B. T2-weighted image shows an isointense myometrial septum and hypointense fibrous septum. The external contour of the uterine fundus is flat. The intercornual distance is normal. A nodular hypointense focus in the right uterine horn (arrow) and focal irregular thickening of junctional zone (arrowheads) of the left uterine horn due to uterine synechia are well correlated with those seen on HSG.
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HSG was in accordance with that of Toaff and Ballas: Grade I (a single small filling defect occupying up to one-tenth of the uterine area); Grade 2 (one or more filling defects occupying up to one-fifth of the uterine area); Grade 3 (filling defects occupying up to one-third of the uterine area); and Grade 4 (filling defects occupying most of the uterine area) (12) . Classification of uterine anomalies was in accordance with the modified classification of Buttram and Gibbons: class I (segmental M(llerian agenesis or hypoplasia); class II (unicornuate uterus); class III (uterine didelphys); class IV (bicornuate uterus); class V (septate uterus); and class VI (diethylstibesterol related) (13) . Classificcation of uterine anomalies based on HSG was in accordance with both Ott et al. (1) Table 1 . A s h e r m a n s syndrome without uterine anomaly was diagnosed in four patients, and Asherman s syndrome with uterine anomaly in seven. Associated uterine anomalies were complete septate uterus (n=1), and partial septate uterus (n=6). Four of seven patients with A s h e r m a n s syndrome associated with uterine anomaly underwent transabdominal metroplasy, while three of four without associated anomalies were treated with D & C and IUD insertion. One patient without uterine anomaly received no treatment because of detachment of uterine synechiae during HSG. The amount of menstrual flow increased in nine patients with hypomenorrhea following adequate treatment. Follow-up HSG after IUD removal in ten patients, two of whom also underwent MR imaging, revealed the complete disappearance of uterine filling defects in six patients and partial recovery in four.
In all patients, HSG demonstrated intrauterine filling defects which represented uterine synechia. MR imaging revealed findings of Asherman s syndrome in nine However, the hyperintense uterine endometrial cavity is well preserved.
of eleven patients, with findings of focal thickening of the junctional zone (n=2), hypointense foci in the endometrium on both T1-and T2-weighted images (n = 1), or both these findings (n=6) (Fig. 1 ). MR and HSG findings showed close correlation. In one patient (case 11), two small nodular filling defects were demonstrated in earlier HSG images, though in later images these had disappeared. MR imaging showed no abnormal finding in this patient. In the other patient (case 7), in whom MR imaging did not demonstrate abnormal findings, HSG showed three small filling defects less than 5mm in diameter. However, in one patient with cervical synechia (case 10), in whom HSG failed to demonstrate changes in the uterine cavity due to obstruction of the cervical canal, MR imaging showed a well preserved endometrial cavity with involvement of synechia in the (Fig. 2) . In seven patients with uterine anomalies, MR imaging permitted the correct diagnosis. The use of HSG, however, led to correct diagnosis in only three patients with partial septate uterus; in these three, the angle of divergence of the uterine cavities was less than 75. In one patient (case 3), who had a complete septate uterus with obliteration of the left uterine horn by synechia, MR images demonstrated both lesions correctly but HSG was incorrectly interpreted as a unicornuate uterus with A s h e r m a n s syndrome (Fig. 3) . In another patient with A s h e r m a n s syndrome without uterine anomaly (case 2), MR images showed a wedge shape hypointense focus of uterine synechia in the endometrium of the uterine fundus, but the results of HSG were incorrectly interpreted as a septate uterus with Asherman s syndrome (Fig. 4) . In two patients with partial septate uterus (case 4 and 8), MR images clearly showed myometrial septa, but because of the wide angle of the uterine horns, HSG was incorrectly interpreted as showing a bicornuate uterus.
D i s c u s s i o n
A s h e r m a n s syndrome and congenital uterine anomaly are two important causes of repeated termination of pregnancy. When both conditions exist in the same patient, correct diagnosis is difficult but important, since treatment of the two conditions differs.
In Asherman s syndrome, intrauterine adhesions obliterate part or all of the endometrial cavity and/or cervical canal. This sequela of uterine trauma is almost always related to pregnancy, and usually to curettage performed to terminate a pregnancy or to evacuate an incomplete or missed abortion or the retained products of conception (15) .
Uterine anomalies have a prevalence of up to 2 3 %, and approximately 25 % of women with uterine anomalies have fertility problems (13) . Septate uterus is the most common anomaly and demonstrates the highest complication rate. It is associated with an 88 % abortion rate, attributed to poor vascularity of the septum. Where the uterus is bicornuate, the outcome is similar, with a 70 % abortion rate (5) . Both septate and bicornuate uteri may be treated by transabdominal metroplasty, but for septate uterus, hysteroscopic metroplasty is now the treatment of choice (6) . The differing treatment of septate and bicornuate uteri requires that the two are accurately differentiated, though in this respect HSG suffers from limitations in that it images only the internal architecture of the uterus and cannot evaluate the external uterine contour (11 15) . According to Reuter et al. (14) the diagnostic accuracy of HSG in distinguishing septate uterus from bicornuate uterus was 55 %, though when ultrasonography and HSG were used together, diagnostic accuracy improved to 90 %, with all errors noncritical. The result of HSG using the angle criteria recommended by Reuter et al. (15) for the diagnosis of septate uterus was accurate in only three of our seven patients. One patient with complete septate uterus (case 3) was misdiagnosed as unicornuate uterus by HSG because of complete obliteration of the left uterine horn by s y n e c h i a . MR imaging has proved to be excellent for the delin-531 Fig. 4 . A s h e r m a n s syndrome without uterine anomaly (case 2) A. HSG shows a wedge shaped filling defect with luminal irregularities in a uterine fundus (arrows), which was misdiagnosed as a partial septate uterus with Asherman s syndrome B. T2-weighted MR image shows no uterine anomaly but demonstrates a wedge-shaped hypointense lesion (arrows) in the intercornual region of the uterine fundus. C. Follow-up HSG after D & C and IUD insertion shows disappearance of uterine synechia in the fundal region. Marked intravasation with opacification of the left pelvic venous system are noted.
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eation of septa, the signal intensity characteristics of which enable differentiation between myometrial and fibrous septum (8, 9) . Carrington et al. (8) and Pellento et al. (9) reported that MR imaging permitted correct diagnosis of uterine anomalies in all their patients, and this was also true in our study. For correct interpretation, MR images obtained in a plane parallel to the long axis of the uterus were essential. This allowed evaluation of the external uterine contour, which was important in distinguishing septate from bicornuate uterus. In addition, it permitted evaluation of the whole area of the uterine cavity and junctional zone. The T2-weighted image of the uterine cavity in this plane was comparable with the HSG image, and in nine of 11 patients clearly demonstrated the lesions of A s h e r m a n s syndrome. MR imaging findings in three cases of Asherman s syndrome were reported by Woodward et al. (11) and Dykes et al. (10) . T2-weighted images showed that a hypointense band traversed the endometrium, and that normal endometrium and junctional zone signals were completely absent. All their previously reported cases involved severe synechiae and did not correlate with HSG findings. However, our study included less severe cases of Asherman s syndrome and patients with associated uterine anomalies. Our study demonstrated various MR findings of Asherman s syndrome, according to the severity of the disease, and the presence or absence of associated uterine anomalies. MR findings of A s h e r m a n s syndrome included focal thickening of the uterine junctional zone, hypointense foci in the endometrium, or both. To determine the significance of individual findings, further study with a larger number of cases will be necessary.
The limitations of this study were that uterine anomaly was histologically confirmed in only four of seven patients with both uterine anomaly and Asherman s syndrome, and that Asherman s syndrome in the remaining four patients without uterine anomaly was diagnosed by clinical, HSG and MR findings, without hysteroscopic confirmation.
In conclusion, MR imaging clearly demonstrated uterine lesions in patients with Asherman s syndrome, and was comparable with the findings of HSG. MR imaging also provided further important information regarding associated uterine anomalies.
R e f e r e n c e s
